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[If an iron ring which has never been magnetised has its curve of 
magnetisation determined for an ascending series of forces, if it be 
then thoroughly demagnetised by a succession of reversed currents of 
descending intensity, and the curve of magnetisation is redetermined, 
I find that the two curves differ materially. The demagnetising 
currents do not reduce the iron to its virgin state. For small forces 
the second curve is below the first, indicating less induction for the 
same magnetising force; for medium forces the second curve is above 
the firsts whilst for large forces the two curves agree. 

If a ring be heated with a current through the primary coil and the 
heating be continued till the ring has ceased to be magnetic, if then 
the current be stopped and the ring be allowed to cool, I find that 
the ring is not entirely demagnetised by the heating, but that it 
recollects its state of magnetisation before heating. It would seem 
that the magnetic molecules of the iron, having been directed by the 
magnetising force whilst they were magnetic, retain in part their 
direction when they have ceased to be magnetic by heating, and that 
when they again become magnetic by cooling its effect is apparent.— 
February 14, 1889.] 

I have tested a sample of manganese steel, and find that at no tem¬ 
perature above the normal temperature does it become substantially 
magnetic. 


II. “ On a Series of Salts of a Base containing Chromium and 
Urea.—No. 2.” By W. J. Sell, M.A., F.I.C. With 
Crystallographic Determinations by Professor W. J. Lewis, 
Cambridge. Communicated by Professor Gr. D. Liyeing, 
F.R.S. Received February 1, 1889. 

In a former paper (‘ Roy. Soc. Proc.,’ vol. 33, 1882) a number of 
salts were described derived from a base formed by a combination of 
chromium with urea. It was stated that the chief product of the 
regulated action of chromyl dichloride on dry urea, and subsequent 
treatment with water, is a green crystalline powder, insoluble in 
alcohol, ether, or chloroform. The compound thus obtained contains 
chlorine as an essential component, while, as noted, the product of 
crystallisation from hot water is the pure dichromate of the base. At 
the date of the previous publication the nature of this green salt, as a 
preliminary to the study of the reaction by which it is produced, was 
under investigation. The jDresent paper deals with these subjects, 
and describes a number of additional salts of the base. 

The failure in the attempt to purify the green salt by crystallisa¬ 
tion from water, added to its insolubility in all other available neutral 
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menstrua, rendered it advisable to make some preliminary analytical 
determinations on the different samples of crude well-washed sub¬ 
stance. From the results obtained it was evident that the salt was 
either a chlorochromate of chromium urea, or a compound of the 
dichromate and chloride, a conclusion which at once harmonises with 
its genesis, and suggests the trial of dilute hydrochloric acid as a 
possible vehicle for its purification by crystallisation. The purification 
by dilute hydrochloric acid containing one volume of strong acid to 
nine of water, was successful, the numbers obtained on analysis being 
substantially the same as those obtained from the crude well-washed 
product of the reaction. The analytical results were satisfied by 
either of the formulse— 

(1.) { (CON 2 H 4 ) I2 Cr 2 } '° 7 ^2H 3 0, 


or 


(2.) {(C01Sr 2 H 4 ) 12 Cr 3 } 


2Cr0 4 

2Cr0 3 Cl 


2H 3 0. 


The latter, however, is regarded as very improbable. 

It is difficult to believe that a chlorochromate in fine powder can 
withstand the action of water for weeks without appreciable change. 
The fact also that the hydrochloric acid used in its recrystallisation 
may be replaced by metallic chlorides, such as those of sodium or 
potassium, is against the second formula. Moreover, the decomposi¬ 
tion effected when the salt is recrystallised from water, may be cited. 
A chlorochromate having the formula given in (2) should normally 
decompose, according to the equation— 

{ (CON 2 H 4 pCr 2 } gcrosd + H2 ° = 2HC1+{ (CON 2 H 4 )i*Cr*} 

whereas the decomposition effected by water is of a totally different 
character, and may be represented thus:— 

3{(C01Sr 2 H 4 ) 13 Cr 3 }^p 07)2 = 2{ (CON 2 II 4 ) 12 Cr 2 } (Cr 2 0 7 ) 3 

+ { (CON 2 H 4 ) 12 Cr 2 } Cl 6 . 

These facts may be regarded as conclusive that formula (1) is the 
more correct representation of this compound, which may be called— 


Dichlordichromate of Chromium Urea . 

The following results were obtained on analysis :—- 

The samples employed were dried by pressure between bibulous- 
paper. 
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1. 0*4658 gram gave on combustion 0*18025 gram CO 2 and 

0*168 gram water. 

2. A modification of Liebig’s process gave equal volumes of CO 2 

and 1ST. 

3. 0*4005 gram precipitated by mercurous nitrate gave 0*0906 gram 

Cr 3 0 3 . 

4. 0*5294 gram, treated as in 3, gave 0*1199 gram Cr 3 0 3 . 

5. 0*4925 gram dissolved in H 2 0, excess of KI and HC1 added, and 

the iodine titrated with thiosulphate, required 44*6 c.c.; each 

c.c. thiosulphate = 0*00328 gram CrO 3 . 

6. 0*374 gram reduced by sulphurous acid, excess of latter expelled 

by heat, AglTO 3 added, and the whole strongly acidified with 

HISTO 3 , gave 0*0789 gram AgCl. 

7. 0*4554 gram, treated as in 6, gave 0*09853 gram AgOl. 

8. 0*42415 gram lost in vacuo over H 3 S0 4 0*0114 gram H 2 0. 

9. 0*3243 gram lost a-t 100° 0. 0*00845 gram H 3 0. 

10. Two separate experiments gave 33*68 per cent. Cr 3 0 3 on ignition. 

Deducting Cr found as CrO 3 , gives 7*56 per cent. Cr. 

The crystals have a distinct oblique habit, but are very ill 
developed, and few of the planes are truly parallel, or in their true 
zones. The measurements and elements are, therefore, but approxi¬ 
mations. They were obtained from six of the best crystals I could 
find. The crystals are dark green and have a fairly good cleavage, 
^(101), perpendicular to the plane of symmetry. 

The system is oblique, and the elements are (100, 101) = 49° 2'; 
(010, 111) = 45° 6'; (101,001) = 35° 20'. 

The planes observed are a(100), Z(101), c(001), »(l01), and m(110). 
The planes l are generally those most largely developed. 



Calculated. 

Observed 

means. 

Extremes. 


o / 

o / 

o / o / 

al ... 

.. 49 2 

49 10 

48 35—50 17 

ac ... 

.. 84 22 

84 13 

82 14—84 51 

cn ... 

.. 39 301 

39 20 


na 1 .. . 

.. 56 7| 

55 59 

55 341—56 22 

am .. . 

.. 59 45 

59 37 

58 46—61 19 

mm 1 . 

.. 60 30 

59 51 

57 55—60 33 

ml 

.. .70 43 

70 0 


me .. . 

.. 92 50 

92 44 


mp?/. . . 

.. 73 411 

73 li 
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The question naturally arises, “ Is the compound last considered 
the initial chief product of the reaction of chromyl dichloride on urea, 
or is it produced from this compound by interaction with the water 
added subsequently ? As at the present time difficulties, which seem 
insurmountable (see below), attend the direct determination of this 
question, and as, moreover, it was suspected that the salt above 
described is the product of the action of water on the chlorochromate 
of the base, it was determined before proceeding further to attempt 
the isolation of such compounds. With this object in view an in¬ 
vestigation was made of the action of aqueous hydrochloric acid on 
the compound last considered. As mentioned above, the dichlordi- 
chromate crystallises out unaltered from a hot solution containing one 
volume of strong acid to nine of water. If, however, the quantity of 
acid to water be increased to one in six, a salt crystallises out as the 
solution cools in brownish-yellow crusts of small crystals. When a 
much stronger acid than one in six is used, the product is a mixture 
of the brown-yellow salt and green needles of the chloride. The 
examination of this brown-yellow compound showed it to be the 
dichlortetrachlorochromate of the base having the composition— 

{(C0N3H 4 ) 12 Cr2}^ l ’° 3C1 3II 2 0, 
formed from the dichlordichromate by the following change 
{(CON 3 H 4 ) pCr 2 ^ 207 + 4HC1 = {(CON 3 H 4 ) 12 Cr s }^p r ° 301 +2H 3 0. 

The colour of the new salt presents a striking contrast to that of 
the preceding compound. With the exception of the acid of the 
strength from which it has been crystallised, it is either insoluble 
in, or decomposed by, all the usual solvents. With alcohol 
the chloride of the base is formed, and the usual products of the 
action of chromic acid on that reagent. Water effects immediate 
decomposition, the colour changing to the characteristic dark green of 
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the dichlordichromate, hydrochloric acid being at the same time set 
free, thus :— 

{ (CON 2 H 4 ) 13 Cr 3 }Q^ 3 r ° 3C ' 1 + 2H 3 0 = {(CO» a H 4 ) 1 »Cr ! } 2 | ^ !07 +4HCl. 

It is extremely probable that this salt is the chief initial product of 
the reaction between chromyl dichloride and area, and that the subse¬ 
quent addition of water decomposes it, as shown by the preceding 
equation. Granting that a chlorochromate is formed (and as the 
reaction takes place in presence of excess of chromyl dichloride, it is 
difficult to resist this conclusion), the only salt of this character 
which would normally decompose by water with production of the 
dichlordichromate, is the compound under consideration. 

The following results were obtained on analysis. The numbers 
refer to the dry salt, unless stated to the contrary :— 

1. 0*4736 gram salt gave 0*28333 gram AgCl. 

2. 0*7059 ,, „ when precipitated with mercurous nitrate 

and the precipitate ignited, 0*14928 gram Cr 3 0 3 . 

3. 0*3938 gram salt, dissolved in dilute HOI, excess of KI added, 

and the iodine titrated with thiosulphate, required 33*4 c.c. ; 
each c.c. thiosulphate = 0*0032459 CrO 3 . 

4. 0*14235 gram, treated as in 3, required 12*2 c.c. same thiosul¬ 

phate. 

5. 0*4054 gram moistened with alcohol, dried and ignited, gave 

0*12925 gram Cr 3 0 3 . Deducting from this the Or existing as 
CrO 3 , gives 10*74 Cr 3 0 3 , or 7*000 per cent. Or. 

6. 1*1153 gram undried salt lost in vacuo over sulphuric acid 

0*03885 gram H 3 0. 

7. 0*7766 gram undried salt lost at 100° C. 0*0236 gram H 3 0. 


Theory. 

Analysis. 



Per- 









centage. 

1 . 

2. 

3. 

4. 

5. 

6. 7. 

C 12 . 

144-0 








H !8 . 

48-0 








N 24 . 

336*0 








O 12 . 

192 *0 








Or 2 . 

104-8 

7-28 


# # 

# f 


7*00 


(CrO 3 /... 

401-6 

27 *90 

-. 

27*68 

27*53 

27*63 



Cl 6 . 

213-0 

14 -79 

14-78 







1439*4 








3H 2 0 . * .. 

54*0 

3*61 

•• i 

•• 




3*48 3*63 


1493 *4 
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The direct decision of such an apparently simple matter as the 
composition of the chief initial product of the reaction has, up to the 
present time, been found to be impossible. No reagent or mixture of 
reagents has been discovered which at once dissolves any excess of 
materials used and the other products of the reaction, without pro¬ 
ducing some change in the composition of the chief product. 

A careful examination of the reaction between chromyl dichloride 
and urea was made by taking known weights of the materials, col¬ 
lecting and measuring the gaseous products, and after the addition 
of water to the residue, estimating the dichlordichromate produced, 
as well as the other products which pass into solution. The dichlor- 
dichromate was then calculated as dichlortetrachlorochromate. 
Without going into a mass of detail, it may be stated that the results 
of the examination gave numbers very nearly agreeing with the 
equation— 

1300(TSTH 2 ) 2 + 9Cr0 2 Cl 2 = { (CON 2 H-‘) 13 Cr 2 }^ rC)3G1 + Cr 2 Cl« 

+H 2 CrO+ H 2 0 + OO 2 + N 2 + 3C1 2 . 

With regard to the preparation of these substances, it may be well 
to note that the reaction of chromyl dichloride on urea succeeds best 
in narrow test-tubes, working with about 3 grams of urea. On a 
larger scale the reaction becomes very difficult to control, and decom¬ 
position more or less complete is very liable to ensue. On the other 
hand, unless the reaction is fairly vigorous and the temperature 
allowed to rise, little or none of the compound is produced. 

A considerable amount of time has been taken up in attempts to 
prepare this class of compounds by some modification of the above 
process which should present less complexity, and thus offer som3 
hope of arriving at their constitution. Passing over the unsuccessful 
attempts, it was discovered that the dichromate of the base may be 
obtained by the action of chromic acid on urea. In the month of 
September of last year three separate portions of nearly equal 
weights of urea and chromic anhydride were dissolved in a small 
quantity of cold water, the solutions covered with filter-paper, and 
allowed to stand at the ordinary temperature. 

On examination in March the solutions had changed colour, become 
quite thick from evaporation, and on addition of water a small quan¬ 
tity of sparingly soluble green crystals were found to be left. These, 
when separated and recrystallised from hot water, had all the cha¬ 
racters of the dichromate of the base, and gave on ignition 41*32 per 
cent, of Cr 3 0 3 , against 41*43 as required by theory for the dichro¬ 
mate. It was subsequently found that the dichromate may be formed 
in some quantity by evaporating the aqueous solutions of the mixed 
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substances at about 60° 0. The nature of this change is at present 
under investigation. 

In addition to the foregoing, the following new compounds have 
been examined:— 

The Chromate. 

This compound separates from a warm saturated solution of the 
dichromate, cautiously neutralised with ammonium carbonate, in long 
dark-green needles. The crystals are very efflorescent, and rapidly 
become opaque from loss of water. They are sparingly soluble in 
cold, more readily in hot water, undergoing at the same time slight 
decomposition, with separation of brown flocks of chromic chromate. 
The salt is insoluble in alcohol, ether, carbon disulphide, and benzene, 
and has the composition (CO^H^^Cr^OrO^HSO. 

The following results were obtained on analysis. The salt was 
dried by pressure between bibulous paper:— 

1. 0*3274 gram salt lost in vacuo 0*0196 gram H 2 0. 

2. 0*3274 „ ignited left 0*0994 gram Cr 2 0 3 = 30*36 per 

cent. Deducting Cr existing* as CrO 3 , leaves 11*94 Cr 3 0 3 , or 
8*18 per cent. Or. 

3. 0*5465 gram salt lost at 100° 0. 0*03315 gram H 2 0. 

4. 0*5465 „ ignited gave 0*16585 gram Cr 2 0 3 = 30*34 per 

cent. Subtracting Cr existing as CrO 3 leaves 11*92 Cr 2 0 3 , or 
8*17 per cent. Cr. 

5. 0*4774 gram salt, dissolved in dilute HC1, excess of KI added, 

and the iodine estimated by thiosulphate, required 35*62 c.c.; 
each c.c. thiosulphate = 0*0032459 CrO 3 . 


Theory. 

Analysis. 


Percentage. 

1 . 

2. 

3. 

4 ■ 

5. 

CrO 3 . 

24 T7 
8-41 
5-77 

5*98 

8**18 

6 '06 

8 -17 

24*21 

H 2 0. 


The Bromide. 

This compound is conveniently prepared from the dichlorchromate 
by first forming the very soluble acetate by double decomposition 
with lead acetate, filtering off the mixture of lead chromate and chlo¬ 
ride, and precipitating the bromide from the filtrate by dissolving in 
it crystals of potassium bromide. The drained and washed precipi- 







1889.] On Salts of a Base containing Chromium and Urea . 329 

tate, recrystallised from warm water, separates in bright green 
prismatic crystals containing 6 mols. of water of crystallisation. The 
salt is tolerably soluble in cold, freely in hot water, insoluble in strong 
solutions of alkaline bromides, and in the usual organic menstrua. 
It has the composition |(C0N 3 H 4 ) 13 Cr 3 }Br 6 6H 3 0. The following 
results were obtained on analysis :— 

1. 1*403 gram lost in vacuo 0*108 gram, and no further loss was 

sustained at 101° C. 

2. 1*18515 gram dissolved in water, the Or separated by boiling for 

some time with precipitated chalk, and after filtration the 
filtrate made up to 250 c.c. Mean of four concordant titra¬ 
tions with AghiO 3 required 10*17 c.c.; each c.c. AgNO 3 = 
0*0035293 Cl. 


Theory. 

Analysis. 


Percentage. 

1. 

2. 

H 2 0. 

7-61 

7-62 


Br. 

33 -97 


34 *11 


Dark-green crystals, in which the/{3lI} planes were most promi¬ 
nently developed. The planes s{Til} and a{101} were about equally 
developed; and the planes &{2ll} and r{100} were all small, and 
these latter did not seem to be present on all the crystals. The habit 
of the crystal rendered it a little puzzling to decipher the symmetry 
by inspection. 
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The principal zones measured were those containing poles a, /, s, 
and these angles were alone depended on in determining the element. 


Calculated. 

af = 41 2£ 
fs = 48 57J 

~bf = 29 26 
/r = 86 40 
rs = 65 27 
= 48 27 

I) — or = 23 54 


Observed. 

o / 

41 2J, mean of 14 observations. 

48 58 „ 12 

Approximations to these angles were 
obtained on a somewhat altered 
crystal. 


No cleavage was perceived. 

The Iodide. 

This salt was prepared from the dichlordichromate by precisely 
the same method as the bromide, only that potassium iodide replaced 
the bromide. It crystallises from water in long brilliant green 
prisms, free from water of crystallisation. It is insoluble in the usual 
organic solvents. 

The compound has the composition (CON 2 H 4 ) 13 Cr 3 I 6 , and gives 
the following results on analysis:—• 

1. 0*750 gram salt lost no appreciable quantity of water in vacuo 

or at 104° 0., and is therefore anhydrous. 

2. 1*18 gram salt dissolved in water and made up to 250 c.c. The 

mean of four concordant titrations with silver nitrate on 
portions of 50 c.c. each required 8*95 c.c. ; each c.c. AgHO 3 
= 0*0035293 CL 

Percentage calculated. Percentage found. 

I 48*02 . 47*88 

The crystals are of a brilliant green colour, in long prisms termi¬ 
nated by rhombohedral planes, often unequally developed. 

The forms observed were u{10l} well developed, 5{2ll} very 
minute, and r{100}. 

The element D = or was found by calculation to be 24° 30J'. 


Calculated. 

ar = 68 57 
7t 2 =42 6 

aa 1 = 60 0 


Observed. 

O / 

68 58, mean of 3 measurements. 
42 5J „ 3 

59 59£ „ 6 „ 
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The Ferricyanide. 

This compound is precipitated in olive-green needles on the addi¬ 
tion of potassium ferricyanide to a soluble salt of the base. The salt 
is sparingly soluble in cold, more readily in hot water, from which it 
crystallises in long prismatic crystals, having the composition 
(C0N 3 H 4 ) 13 Cr 3 2FeC 6 N 6 8H 2 0. 

The following results were obtained on analysis :— 

1. 0*3501 gram gave in vacuo 0*0351 gram H 3 0. 

2. 0*3501 „ „ on ignition 0*0790 gram Cr 3 0 3 + Fe 2 0 3 . 

3. 0*3418 „ „ at 100° C. 0*0343 gram H 3 0. 

4. 0*3418 ,, „ on ignition 0*0777 gram Cr 3 0 3 + Fe 2 0 3 . 


Theory. 

Analysis. 


Percentage. 

1 . 

2. 

3. 

4. 

H 2 0...! 

Cr 2 0 3 + IVO 3 . 

10*33 

22*46 

10-02 

22‘56 

10*04 

22-73 


The Ferrocyanide. 

This compound is precipitated in green needles, when a soluble 
ferrocyanide is mixed with a soluble salt of the base. The crystals 
are very sparingly soluble in water, either hot or cold, and insoluble 
in the usual organic solvents. 

The examination of the substance led to the formula 

{(C01Sr 2 H 4 ) 13 Cr 3 } 3 3Fe0 3 N 6 17H 2 0 
being assigned to it. 

The following results were obtained on analysis :— 

1. 0*2396 gram salt gave in vacuo 0*0279 gram H 3 Q. 

2. 0*2396 „ „ on ignition 0*0504 gram Cr 3 0 3 -fFe 3 0 3 , 

3. 0*4387 „ „ in vacuo 0*0524 gram H 3 0. 

4. 0*4387 „ „ on ignition 0*094 gram Cr 3 0 3 -f Fe 2 0 3 . 


Theory. 

Analysis. 


Percentage. 

1 . 

2. 

3. 

4. 

H 2 0 . 

11-80 

21 -05 

11-64 

21-03 

11 -90 

21*42 

Cr 2 0 3 + Fe 2 0 3 .. 



% 
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The Pier ate. 

The addition of an aqneons solution of picric acid to a solution of 
any of the salts of the base produces an immediate separation of the 
picrate in the form of beautiful green-yellow needles. The salt dissolves 
readily in alcohol, sparingly in benzene and water, and is practically 
insoluble in chloroform. The compound recrystallised from water 
has the composition— 

(C01Sr 2 H 4 ) 13 Cr 3 (C 6 H 3 (]N‘0 3 ) 8 0) 6 8H 2 0. 

The following determinations were made:— 

Found Calculated 

(per cent.). (per cent.). 

.{5$} 5 '°* 

Cr 3 0 3 . 5-35 5*34 

Double Salt of the Chloride with Mercuric Chloride . 

When solutions of the chloride of chromium urea and mercuric 
chloride are mixed, a beautiful pale-green crystalline precipitate is 
produced, consisting of micaceous scales. The compound is very 
sparingly soluble in cold, very moderately in hot water, and insoluble 
in the usual organic solvents. The crystals are anhydrous, and may 
be represented by the formula (C01Sr 2 H 4 ) 12 ar 2 Cl 6 6HgCl 2 . 

The following results were obtained on analysis:— 

1. 1*7738 gram salt ignited with lime gave 0*789 gram metallic 

mercury. 

2. 2*542 gram salt ignited with lime gave 1*1339 gram metallic 

mercury. 

3. 0*599 gram salt ignited alone gave 0*0352 gram Cr 2 0 3 . 

4. 0*9321 „ „ „ 0*0553 „ 


Theory. 

Analysis. 


Percentage. 

1 . 

2. 

3. 

4. 

Hg. 

45 *04 

44 *49 

44*6 



Cr 2 0 3 . 

5-73 


t 

5-97 

5*93 


Double Salts of Oxalate of the Base with Chromium Oxalate No. 1. 

In attempting to prepare the oxalate of chromium urea from the 
acetate by the addition of a cold saturated solution of ammonic 
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oxalate, there was slowly deposited during several days a quantity of 
very dark-green, almost black, crystals with exceedingly bright faces. 
The crystals on examination were, however, found to be a doublo 
oxalate of the base with chromium oxalate, having the formula 
(C0N 3 H 4 ) 12 Cr 2 (C 2 0 4 ) 3 Cr 2 (C 2 0 4 ) 3 4H 2 0. 

They are very sparingly soluble in cold, more readily in hot water* 
and insoluble in the usual organic solvents. 

The following results were obtained on analysis :— 

1. 04217 gram gave 0*0187 gram H 2 0. 

2. 0*4217 „ ,, on ignition 0*0818 gram Cr 2 0 3 . 

3. 0*14165 „ „ on combustion 25*06 c.c. 1ST and 48*27 c.c. CO^ 

at 0° C. and 760 mm. 


Theory. 

1 

Analysis. 


Percentage. 

1 . 

2. 

3. 

Carbon . 

Nitrogen. 

Water ......... 

Cr 2 0 3 .. 

18-82 

21-96 

4-70 

19 -33 

4**43 

19-37 

18 *31 
22-19 


This substance crystallises in the rhombic system, and has a well- 
marked hemihedrism with inclined faces. The crystals consist of 
well-developed prisms with a large deeply striated brachypinakoid,. 
terminated sometimes by six planes, sometimes by four equally 
developed planes, and sometimes by two prominent planes of k (111),, 
with other minor planes. The form (210) is also present, but the- 
planes of this form are dull and deeply striated. The prism planes 
are also sometimes considerably striated, but the striations on ra and 
raj on the same crystal or on the parallel faces do not as a rule cor¬ 
respond. The development of the crystals is to a certain extent 
shown by the accompanying diagrams, figs. 1 and 2, which repre¬ 
sent some of the crystals measured by me. The prism in fig. 2 is. 
placed horizontally for showing the hemi-pyramids more distinctly. 
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Fig. 1. 



Eig. 


2 . 



The forms found are a 100, l 210, m 110, ]? /c(lll), n 101, 
r*( 101). 

The elements are :— 

010, 011 = 59 51 ; 001, 101 == 22 58; 100, 110 = 53 43; 

or a : b : c = 1*3705 : 1 : 0*580843. 

The angles observed are compared in the following table with those 
calculated from the elements :— 



Calculated. 

Observed. 

ram .... 

.... 53 53 


mm .... 

.. .. 72 14 

72 18| 

-Im .... 

.. .. 19 27f 


mjp.. . . 

.. .. 54 17 

54 131 

3?J?i • • • • 

.... 71 26 

71 2 7i 
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Calculated. 

Observed. 


0 / 

O / 

an .... 

.... 67 2 

67 1 

.. . 

.... 45 56 

45 50i 

rrn .. . 

.... 46 55| 

46 481 

np ... 

.... 28 8 

28 141 

-*rp ... 

.... 75 3§ 

75 3 

TTi ... 

....102 4J 

102 12 

-mu .. . 

.... 76 42*2 

76 46 

nr Y ... 

.... 61 38*3 

61 48 

-rpn .., 

.... 41 39*5 

41 28 

... 

_ 71 13*4 


.. . 

_ 52 10*3 

52 6 

-JPh • • * 

_ 56 36*3 

56 42 

Pi • • • 

. 40 14*5 

40 21*5 


The striations on the planes a and Z were parallel to their intersec¬ 
tions, and rendered the readings obtained from them in the zone 
[aZm] valueless, except for the sake of identification. ISTo distinct 
cleavage was observed. 

No. 2. 

The foregoing experiment having failed to give the pure oxalate, 
recourse was had to the decomposition of the pure chloride with 
silver oxalate. The two substances warmed together with water 
for some time and filtered gave an abundant crop of dark-green 
crystals belonging to the anorthic system. Examination showed, 
however, that the salt differed from the preceding one only in con¬ 
taining more water of crystallisation, and that it readily parts with 
the latter even in a corked tube, becoming less soluble and possibly 
forming the preceding compound. This substance, which has the 
composition (CON 3 H 4 ) 13 Cr2(C3O 4 ) 3 0r2(Cr 3 O 4 ) 3 29H2O, gave the follow¬ 
ing results on analysis :—- 

1. 0*5113 gram lost in vacuo 0*1847 gram H 2 0, and suffered no 
further loss at 100° C. The dry salt ignited left 0*0788 gram 
Cr 2 0 3 . 

Calculated. Found. 

H 2 0 in 100 parts. 26*36 26*34 

Cr 2 0 3 „ . 15*43 15*41 

The crystals are dark-green in colour, and have bright and for the 
most part well-developed faces. They seem to have no good cleavage. 
They crystallise in the anorthic system, and the zones [m»], \cbdt] 
are those most largely developed, and give the habit of the crystals. 
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The planes m, n , and c, though, as a rule, much more largely 
developed than any others, were somewhat imperfect and often gave 
several images. Hence it has been necessary to combine all the 
observations in order to obtain satisfactory elements. The following 
elements were ultimately selected, as those which agreed best with the 
observations. From these elements the axial constants commonly used 
by Continental crystallographers have been determined, and they and 
a table of computed and observed angles are subjoined :— 


Fig. 3. 



Forms observed (fig. 3) :—a{100}, w{110}, wjllO]^ ${310} ?, 
c{001}, Z{011}, 6{012}, ^{021}, ^{312}, ff {311}, /{311}, g{ 312}, 
h{ 314}. 

Elements (100, 110) 38° 33^; (110, 010). 32° 2f'; 

(010, Oil) 40° 29'; (011, 001) 43° 5^$ 

(001, 101) 35° 27'; (101, 100) 40° 21'. 

or A = 88° 5§'; B = 77° 10'; C = 71° 33', 

and a:b:o = 1*20406 : 1 : 1*0238. 


Observed 
(means) . 


Calculated. 

Observed 
(means). 

O 

/ 


O 

/ 

o 

/ 

38 

36 

mf --- 

26 

27! 

26 

30 



fg . 

47 

26! 

47 

24 

99 

27 

mg . 

73 

53| 



80 

29! 

md . 

34 

45! 

34 

57 



bm . 

56 

8! 

56 

5 

26 

21 

mh . 

61 

18 

61 

16! 

33 

8 

Jiby . 

62 

33! 

62 

37 

59 

25 






70 

43 

v . 

59 

34! 

59 

40! 

49 

52 

la . 

85 

38 

85 

43! 



fq . 

53 

49f 

53 

36 



qh . 

66 

36 

66 

34! 

84 

56 







ma . 

mx . 

mn l . 

mn . 

010 , m . 

cb . 

bd . 

cd . 

dl . 

Ic x . 

<*,010 ..... 

cn L . 


Calculated, 


38 

61 

99 

80 

32 

26 

33 
59 
70 
49 
24 


33| 

31 

37-f 

22f 

2it 

16} 

Bf 

25 

43 ! 

51 

9 


84 48 *4 
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Calculated. 


Observed 

(means). 


Calculated. 


Observed 

(means). 


c{h. 
*/• 
c if 
cp • 


43 50 

42 0 

85 50 

48 8* 


o / 

43 51 

41 53 

85 44 

48 22 


Ih . 
Ig . 
gn x 
nl 


38 

21* 

; 38 

29 

74 

27* 



50 

49* 

50 

56 

54 

43J 

| 54 

35£ 


nd 
M- 
9 n i 

&i 


57 24 

34 38 

44 22 

101 46 


57 26 

34 40i 

44 21 

101 47 


ca . 

Jid . 
hdi 


cm 

mc x 


77 45f 77 54 
102 14i 102 6 


*2 


pm 
ml., 
pl v , 


34 52-| 

60 Ilf 
85 0 


34 19 

60 15 

85 11 


99 > 
9°v 


75 

48 

75 

57 

89 

32 

89 

m 

90 

28 

90 

19| 


r 

58 

HI 

58 

10 \ 


or 


1 

58 

28 

62 

101 

62 

1 

59 

391 

59 

39 


The Periodide. 

When a warm solution of iodine in potassium iodide is added to 
a warm and moderately concentrated solution of the normal iodide, a 
considerable crop of crystals separates out on cooling in transparent 
brown-red micaceous scales. If, however, the solutions are heated to 
near the boiling point before mixing, or are more dilute, especially if 
the quantity of iodine added is small, the crystals deposited are in the 
form of long opaque black needles, having a well-marked green 
reflection, which is, to a certain extent, lost on drying. Not unfre- 
quently, however, both forms are deposited from the same solution. 
The apparent dissimilarity of form and general appearance led to the 
analysis of the two modifications being conducted separately. The 
numbers obtained, however, are identical, and lead to the formula 
(CON 3 H 4 ) 13 Cr 3 I 6 6I 3 , being assigned to this remarkable substance. 
The difference in appearance of the two forms is possibly due to 
certain of the faces in one being differently developed to those in the 
other. Both yield apparently identical crystals when deposited by 
spontaneous evaporation from alcoholic solutions, or from the nearly 
boiling solution in aqueous potassium iodide. 

The substance dissolves freely in alcohol, very sparingly in benzene, 
and is scarcely affected by chloroform, only just sufficient being dis¬ 
solved to communicate a violet colour. 

The Periodide (Bed-brown Transparent Six-sided Plates'). 

1. 0T849 gram salt leaves on ignition 000895 gram Cr 3 0 3 . 

2. 0*2703 gram salt, dissolved in dilute sulphurous acid, warmed to 
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expel excess, the iodine then precipitated [by AglSTO 3 , and 
whole pretty strongly acidified with HJSTO 3 , gave 0*36523 gram 

AgL 

3. 0*6262 gram salt, treated exactly as in 2, gave 0*84773 gram 

AgL 


Theory. 

Analysis. 


Percentage. 

i. 

2. 

3. 

Or .. .. 

3*36 

73 *48 

3*31 

73-005 

73 *143 

I... 



The Periodide (Black Long Needles), 

1. 0*2655 gram leaves on ignition 0*01305 gram Cr 3 0 3 . 

2. 0*3818 gram, dissolved in sulphurous acid, excess of latter ex¬ 

pelled by heat, silver nitrate added, and whole acidified with 
nitric acid, gave 0*5191 gram Agl. 

3. 0*1748 gram, treated exactly as in 2, gave 0*23665 gram Agl. 


Theory. 

Analysis. 


Percentage. 

1. 

2. 

3. 

Or. 

3*36 

73 *48 

3*36 

73*43 

j 

73-16 

I.. 



Periodide of Chromium Urea (Crystallised from Alcohol ). 

The periodide is crystallised for the most part in simple hexagonal 
prisms terminated by the base. The crystals formed on another 
occasion had the same habit with the edges of the base terminated by 
narrow planes p and it, The system is rhombohedral, and one small 
crystal was observed with several well-developed planes on it. 
This crystal consists of the forms o(lll), r(100), z( 122), _p(722) ? 
7r(544), 5(2ll), u(10l). Badly developed planes were also observed 
on a few other crystals. They are (811), (922), and a?(52l). The 
following table gives the observed angles, as also the angles calculated 
from the element D — 33° 38 ; . 
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Calculated. Observed. 

lb u ..60 6 59 58 

&,A. » 60 2 

33 38 33 38 (mean of 4 measurements.) 

44 561 44 34 

55 391 55 49 

63 23 63 29§ 


6b . 90 0 90 8 J (mean of 5 measurements.) 

rz . 32 81 32 6 

oa?. 29 57 30 5 

bx . 64 23 65 3 

xb.. . 115 37 115 8 | 

b u x . 64 23 63 381 


No satisfactory cleavage was perceived on tlie crystals. 

The Suljphatopei'iodide. 

Tliis salt is precipitated in silky yellowish-brown needles when a 
solution of iodine in potassium iodide is added to a solution of the 
sulphate or any other salt of the base containing sulphuric acid. It 
is practically insoluble in cold water, dissolving, however, to a small 
extent in hot water from which it crystallises on cooling in brown 
needles. The solvent action of water is not materially affected by the 
presence of potassium iodide, and it is insoluble in the usual neutral 
menstrua. On boiling with water the compound is decomposed, 
iodine to the extent of about two-thirds of the total amount present 
escaping with the steam. The composition of this remarkable salt 
would appear to be (C 0 .N 3 H 4 5 6 )1 i 2 Cr 2 (S 0 4 ) 2 I 3 I 4 . 

The following results were obtained on analysis:— 

1 . 0*48315 gram salt gave 0*375 gram silver iodide. 

2. 1*05455 „ „ 0*824 „ 

3. 1*204 „ „ 0*3248 „ BaSO. 

4. 0*6785 „ ,, 0*1843 „ 

5 . 0*3282 „ „ 0*02965 „ (VO 3 . 

6 . 0*6503 „ „ distilled with water, the evolved I collected 

in KI, titrated with thiosulphate, required 12*13 c.c. (each 
c.c. = 0*014035 gram I). The residual liquor gave 0*17542 
gram Agl and 0*00805 gram Ag. 


or = oz 
o(811) 
o(922) 

OJp = 07T 
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Theory. 

Analysis. j 


Percentage. 

1 . 

2. 

3. 

4. 

5. 

6. 

Total iodine ... 
SO 4 . 

42 -83 

10*78 

41 -93 

42 -24 

li’-ii 

11**18 


42'32 

Cr 2 0 3 . 

8*59 



9-03 


Iodine expelled 
with water. . . 

by boiling 





26*18 

Iodine remaining in liquor.. 



■■ 



16 *14 


Carbonatoperiodide No. 1. 

When a solution of the normal iodide is mixed with ammonium 
sesquicarbonate and a solution of iodine in potassium iodide carefully 
dropped in, a yellowish precipitate is produced consisting of fine 
silky needles. The crystals are insoluble in water and other neutral 
solvents, and decomposed by acids with effervescence and separation 
of free iodine. Examination of this remarkable substance led to the 
formula (G0hr 3 H 4 ) 13 Cr 3 (C0 3 ) 3 I 4 being assigned to it. 

The following results were obtained on analysis : — 

The numbers refer to the compound dried in vacuo over sulphuric 
acid. 

1 . 0*4178 gram gave 0*27695 gram Agl. 

2. 0*6570 „ 0*4375 

3. 0*6158 ,, on treatment with HC1 0*036 gram CO 3 . 

4. 0*5217 „ on ignition 0*0547 gram Cr 3 0 3 . 

5. 0*341 gram dissolved in dilute HC1 required 4*15 thiosulphate : 

each c.c. = 0*0380975 I. 

6 . 0*198 gram dissolved in dilute HC1 required 2*45 c.c. same 

thiosulphate. 


Theory. 

Analysis. 


Percentage. 

1 . 

2. 

3. 

4. 

5. 

6. 

Iodine (total).. 

CO 3 . 

Cr . 

34*86 

6*06 

7*22 

i- 17-43 

J 

35*88 

i 

35 *98 

5*84 

7-18 

18*89 

19*23 

Iodine (liberated 
by HC1) not 
required for 
normal com¬ 
pound .. 
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Carbonatoperiodide No. 2. 

When in the preparation of the preceding compound the quantity 
of the base has been considerably diminished by precipitation, the 
further addition of iodine no longer produces a yellowish but a well- 
marked brown precipitate consisting also of fine needles. The brown 
colour is not due to admixed periodide, as it is perfectly unaffected by 
alcohol or aqueous solution of potassium iodide, moreover it was 
formed in the presence of a considerable excess of ammonium sesqui- 
carbonate. 

The crystals are insoluble in all neutral menstrua, and decomposed 
by hydrochloric acid with effervescence and separation of free iodine. 

The analyses are rather unsatisfactory, but point to the formula 
(C0N 3 H 4 ) 13 Cr 3 (C0 3 ) 3 I 6 . 

From the nature of the case it is well nigh impossible to see when 
the precipitation of one compound ends and the other begins, and 
there is no doubt that the sample analysed contained some of the 
preceding compound. A better result would probably have been 
obtained by adding the dilute solution of the normal iodide to the 
solution of iodine and ammonium sesquiearbonate, so as to maintain 
an excess of iodine. 

The following results were obtained on analysis 

The compound was dried in vacuo over sulphuric acid. 

1. 0*4381 gram salt left on ignition 0*0423 gram Cr 3 0 3 . 

2. 0*650 ,, lost on treatment with HOI 0*0343 gram CO 3 . 

3 . 0*423 „ dissolved in dilute sulphurous acid and iodine 

precipitated with AglSTO 3 0*3269 gram Agl. 

4. 0*407 gram gave 0*3143 gram Agl. 

5. 0*3056 gram dissolved in dilute HC1 added. 


Theory. 

Analysis. 


Percentage. 

1. 

2. 

3. 

4. 

5. 

Cr. 

6T4 

5'27 

44 *64 

29'76 

6*61 

.. 

5'27 

1 

41 '74 

i 

41-72 

" 

25 '95 

CO 2 .. 

Total iodine .. . 
Iodine (liberated 
by HC1) .... 


The Perbromide. 

When a solution of the normal bromide or any other salt of the 
base is mixed with bromine-water, or better a solution of bromine 
in aqueous potassium bromide, a precipitate consisting of large bronze- 
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yellow plates is produced. This beautiful compound is sparingly soluble 
in cold, more readily in hot water, especially in presence of alkaline 
bromides, and crystallises out in large prismatic aggregations; 
alcohol especially when warm takes up the substance, freely decom¬ 
posing it and depositing the normal bromide, a similar result being 
obtained with ether and carbon disulphide, in which, however, it is 
much less soluble. The crystals rapidly lose bromine on exposure to 
the air, yielding bright-green pseudomorphs of the normal bromide. 
A specimen of the compound in the form of micaceous scales exposed 
for three days over lime g*ave 36*5 per cent, of bromine, against 36*78 
required for the normal salt. 

Analysis leads to the conclusion that this substance has a similar 
composition to that of the periodide, viz., (CO.N 3 H 4 ) 13 Cr 3 Br 6 6 Br 3 . 

The following determination was made :— 

1*2668 gram salt was dissolved in dilute sulphurous acid, and all 
excess of the latter expelled by heat. The solution was mixed 
with excess of silver nitrate, and the whole pretty strongly acidified 
with nitric acid, gave 1*91468 gram AgBr. 

Percentage calculated. Percentage found. 

Br ........ 63*58 64*16 

8 idp hatojperbromide . 

This compound is precipitated in green needles when a solution of 
any salt of the base is mixed with dilute sulphuric acid and bromine- 
water added. It is sparingly soluble in water, and loses bromine 
gradually on exposure to the air. The composition is similar to the 
sulphatoperiodide, viz. :— 

(C0N 3 H 4 ) 13 Cr 3 (S0 4 ) 3 Br 6 . 

This requires per cent.:— 


Found. 

SO 4 . 12*82 12*97 

Br. 32*06 34*16 


The well-marked crystallisations presented by the substances here 
described, prove them to be definite compounds. Their empiric 
formula*, as derived from analysis, are as to complication such as 
chemists have been wont to expect only in organic substances; and 
the rational formulas provisionally assigned to them would hardly 
have suggested themselves without the clues afforded by the materials 
and processes employed in their formation. The examination of the 
decompositions which they undergo under varied conditions, is a 
problem little more than touched upon, and the same may be said of 
the action of chromyl dichloride on substituted ureas, including 
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thiocarbamide. It is hoped, however, that the work at present in 
progress on this and kindred points will throw some light on the 
relation which the chrominm bears to the rest of the elements in these 
complicated compounds. 

The remaining crystallographic determinations refer to compounds 
described in the former paper (‘ Hoy. Soc. Proc.,’ vol. 33, p. 267). 

Platinum Salt of Chromium Urea, 

These crystals are minute prisms of yellowish-green colour, and 
belong to the rhombohedral system. They are combinations of the 
forms (101), (111), and (100). 

Calculated. Observed. 

60 6 60 1 

90 0 90 

72 44 72 42 

34 32 34 31 

20 2-6 20 3 

The crystals were too minute to render any experiment for cleavage 
possible. 

Chloride of Chromium Urea, 

In emerald-green stout crystals belonging to the rhombohedral 
system. They are combinations of the hexagonal prisms (101) with. 
(Ill) and (100) (figs. 1 and 2). 

Fia. 1. 





aa x 

oa 

a Y r 

rr x 

or 
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The angles of tlie prism varied considerably, tbe range being" 
between 60° 28' and 59° 19'. 



Calculated. 

Observed. 


o / 

90 6 

ao ... 

. 90 0 

ar ... 

. 90 0 

90 6 

ro ... 

. 42 47 

42 47 

oe ... 

. 25 3 


ar ... 

. 53 58 

53 53 

r ?\... 

. 72 4 

72 7J 


Tbe crystals seem to bave no cleavage. 

Nitrate of Chromium Urea . 

Tbe crystals are of a dark-green colour, and are only translucent in 
moderately tbin plates. They belong to tbe oblique system, and bave 
a very perfect and facile cleavage, perpendicular to tbe plane of 
symmetry. Tbis cleavage plane, tbougb absent, or at any rate very 
infrequent, as a natural plane, has been selected as tbe base. Tbe 
planes <?(491) are much striated, parallel to tbeir intersection with 
one another, and give very bad reflections. Tbe general habit 
of tbe crystals simulates that of a crystal of tbe rbombobedral 
system with two rbombobedral forms. The faces £>(212) give tbe 
best reflections; the faces q(212 ) are not well developed, and tbe 
reflections are indifferent. The accompanying diagrams show tbe 
forms present. Fig. 1 is an orthogonal projection on tbe plane of 
symmetry. 


Fig. 1. 
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Fig. 2. 


r .. 

: . y 7 • 


A - o f - % /' 

: / 

/ / ■/ \ ' 

\ 

\ v : ■ >/ \ 

w\ / 



_ a 


a(100), c(001), 6(010), jp(212), .j(2l2), o(491). 

Elements and Angles . 

(100, 101) = 51° 47^' ; (010, 111) = 43° 27f'; (001, 101) = 60° 22'. 
a : 6 : c = 1*214 : 1 : 1*343. 

Calculated. Observed. 


o / o / 


jpPi • • • 

_ 55 

38 

55 

41 

aft • •• 

.... 39 

10 

39 

4 

qb ... 

.... 70 

25 

69 

8 approx. 

op ... 

.... 56 

50 

57 

0 

M ••• 

.... 86 

14 

86 

23 

M ** • 

.... 93 

46 

93 

45 

2 «i ••• 

.... 36 

56§ 

36 

531 

cp ... 

.... 64 

4 

64 

4 

2>01 ... 

....115 

56 

116 4 

Mi • • • 

.... 75 

41 

75 

38 

l> 2 i • • • 

.... 104 

19 

104 

28 

c ] 2 i • * * 

.... 40 

15 



ao ... 

.... 70 

m 

70 

6 

00 ^ ... 

.... 109 

421 

110 

39 

ca ... 

.... 93 

10 

93 

42 

c x o ... 

.... 86 

50 

86 

8 

... 

.... 85 

15 

85 

46 

oq ... 

.... 94 

45 

94 

15 

j?0 ... 

.... 47 

27 

47 

241 

^ ... 

.... 78 

30 

from 76 

12 to 78° 44' 

ca ... 

....112 

9 * 

112 

2 
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